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Abstract
The 16S and 18S rRNA genes of planktonic organisms derived from five stations
with nutrient gradients in Lake Donghu, China, were studied by PCR–denaturing
gradient gel electrophoresis (DGGE) fingerprinting, and the relationships between
the genetic diversity of the plankton community and biotic/abiotic factors are
discussed. The concentrations of total nitrogen (TN), total phosphorus (TP),
NH4-N and As were found to be significantly related (Po 0.05) to morphological
composition of the plankton community. Both chemical and morphological
analyses suggested that temporal heterogeneity was comparatively higher than
spatial heterogeneity in Lake Donghu. Although the morphological composition
was not identical to the DGGE fingerprints in characterizing habitat similarity, the
two strongest eutrophic stations (I and II) were always initially grouped into
one cluster. Canonical correspondence analysis suggested that the factors strongly
correlated with the first two ordination axes were seasonally different. The
concentrations of TN and TP and the densities of rotifers and crustaceans were
generally the main factors related to the DGGE patterns of the plankton
communities. The study suggested that genetic diversity as depicted by metage-
nomic techniques (such as PCR-DGGE fingerprinting) is a promising tool for
ecological study of plankton communities and that such techniques are likely to
play an increasingly important role in assessing the environmental conditions of
aquatic habitats.
Introduction
In the past two decades, the application of molecular
methods in microbial ecology has greatly enhanced the
ability to address many ecological questions (Zehr & Voytek,
1999; Moreira & Lo´pez-Garcı´a, 2002; Dorigo et al., 2005;
Yan et al., 2006). Since denaturing gradient gel electrophor-
esis (DGGE) was introduced to study the 16S rRNA genes
of microbial organisms (Muyzer et al., 1993), the under-
standing of microbial biodiversity has increased signifi-
cantly. More recently, DGGE was also extended to explore
the genetic diversity of eukaryotic communities (Pace, 1997;
van Hannen et al., 1998; Lo´pez-Garcı´a et al., 2001; Moon-
van der Staay et al., 2001). However, most of these studies
focused on investigating the origin and conservation of
microbial biodiversity. In contrast, only a few attempts have
been made to relate biodiversity to ecosystem functioning at
different spatial and temporal scales (Dorigo et al., 2005).
Consequently, little is known about which factors have
significant impacts on genetic diversity of the targeted
community, and the molecular mechanisms involved
remain unresolved.
Planktonic organisms are commonly employed to exam-
ine nutrient conditions and environmental perturbations
(Bianchi et al., 2003; Beaugrand, 2005; Ternjej & Tomec,
2005). Total nitrogen (TN) and total phosphorus (TP) have
traditionally been considered to be the factors most impor-
tant to lake eutrophication. Based on these two representa-
tive chemical parameters, lakes classified as having different
eutrophic levels generally differ from each other in their
plankton community composition (Druvietis et al., 1998;
Wang et al., 2004). It is also well known that the species
composition of plankton communities differs considerably
between lake areas with nutrient gradients within a
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particular lake (Shei et al., 1993). Additionally, species
richness and diversity of planktonic organisms were found
to be closely related to TP (Jeppesen et al., 2000). In an
investigation of 17 lakes located worldwide, Smith (1983)
proposed that cyanobacteria favoured low TN/TP mass
ratios. How do biotic and abiotic factors affect the genetic
diversity of the plankton community?
Recently, DNA fingerprinting methods (e.g. PCR-DGGE)
have provided us with new opportunities and have opened
new avenues to address the structural and functional pro-
blems involving microbial communities. Indeed, analysis of
the 16S rRNA gene via PCR-DGGE has been one of the most
popular methods in examining the diversity of prokaryotic
communities (Muyzer et al., 1993; Ovreas et al., 1997;
Lindstro¨m, 2000, 2001).
Now that eukarya-specific primers for 18S rRNA gene
sequence analysis are available (e.g. van Hannen et al., 1998),
the eukaryotic microorganisms in aquatic environments can
also be considered. Savin et al. (2004) compared eukaryotic
plankton diversity as measured by morphological and DGGE
fingerprinting methods. More recently, bacterial and eukar-
yotic planktonic organisms were studied by PCR-DGGE, and
the DGGE fingerprints appeared to be appropriate for
characterizing environmental habitats (Yan et al., 2007).
The main objective of the present study was to give a
comprehensive picture of the spatial and temporal hetero-
geneity of the plankton communities in Lake Donghu,
China, by examining genetic diversity. In addition, com-
parative analysis was conducted to explore the relationships
between genetic diversity and classical factors (including
both chemical and biological parameters). The results
suggest that spatiotemporal heterogeneity of a plankton
community detected at the metagenome level is a promising
tool for ecological studies.
Materials and methods
Study area and sampling procedures
Lake Donghu (301330N, 1141230E) is a shallow, freshwater
lake with an average depth of 2.5m and a total surface area
of 32 km2. It is located near the middle reaches of the
Yangtze River, about 5 km from the river itself. Lake Donghu
was separated into several basins by the construction
of artificial dikes (Fig. 1) in the late 1960s, and the lake
has experienced increasingly serious eutrophication owing
to heavy discharge of sewage water, which has dramatically
increased nutrient and organic matter loading to the system.
The lake is currently dominated by two planktivorous
filter-feeding fishes (silver carp and bighead carp) (Xie et al.,
2000).
Samples were collected on four occasions: April (spring),
July (summer), and October (autumn) 2006 and January
(winter) 2007. On each occasion five stations (Fig. 1) that
exhibited different trophic status were sampled within 1 day
to minimize time variations. Samples for qualitative analysis
were collected using horizontal surface tows with a No. 25
plankton net. Samples for DGGE analysis were stored at 4 1C
until DNA extraction and samples for morphological iden-
tification were preserved in 4% (final concentration) for-
malin solution. Live plankton samples were also collected to
confirm the taxonomic status of certain species. Samples for
quantitative analysis, collected with a polypropylene bucket,
were fixed with Lugol’s solution, sedimented for 24 h and
subsequently concentrated to 30mL. One litre of water was
collected with a polypropylene bucket for chemical analysis,
and the samples were pretreated according to standard
methods (Zhang & Huang, 1991; Huang, 2000).
Chemical and morphological analysis
Chemical characteristics, including chemical oxygen de-
mand (COD), NH4-N, NO2-N, TN, TP, PO4-P and SiO2,
were measured according to standard methods (Huang,
2000). Concentrations of heavy metals (Cr, Cd, Pb, As, Cu
and Hg) were determined by graphite furnace atomic
absorption spectrophotometry (GFAAS) using an AAnalyst
800 graphite furnace atomic absorption spectrometer (Per-
kin-Elmer, CT). Planktonic organisms were identified and
counted under an Axioplan 2 Imaging microscope (Zeiss,
Jena, Germany) according to Wang (1961), Chiang & Du
(1979), Research Group of Carcinology (1979), Hu et al.
(1980), Shen et al. (1990) and Zhang & Huang (1991).
PCR-DGGE analysis
DNA was extracted according to the method of Yan et al.
(2007). The 16S rRNA and 18S rRNA genes were amplified
Fig. 1. Distribution of the five sampling stations in Lake Donghu,
Wuhan, China.
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with bacterial primers (F357-GC & R518) (Muyzer et al.,
1993) and eukaryotic primers (F1427-GC & R1616) (van
Hannen et al., 1998), respectively. PCR conditions for each
50-mL reaction mixture were 1PCR buffer, 2mM Mg21,
3.0U of Taq DNA polymerase, 80 mM of each deoxynucleo-
tide (Fermentas Inc., Hanover), 0.3mM of each primer and
c. 40 ng of template DNA. Touchdown PCR was performed
on a GeneAmp PCR System 9600 thermal cycler (Perkin
Elmer Cetus) with an initial denaturation at 94 1C for 5min.
Then, each cycle was carried at 94 1C for 0.5min, at the
annealing temperature (listed in Table 1) for 0.5min, and
extended at 72 1C for 1min. Finally, a primer extension at
72 1C for 10min was performed.
DGGE was performed with an INGENYphorU-2 system
(INGENY International BV, Leiden, the Netherlands)
using 9% polyacrylamide (acrylamide/bisacrylamide,
37.5 : 1). PCR products containing approximately equal
amounts of DNA of similar sizes were separated on a gel
containing a linear gradient of the denaturants (urea and
formamide). The concentration of the denaturants in-
creased from 40% at the top to 60% at the bottom of the
gels, and electrophoresis was performed at 60 1C, 120V for
16 h. Thereafter, gels were stained in 1TAE buffer contain-
ing 1 SYBR Gold (Molecular Probes Europe BV, Leiden,
the Netherlands) and then photographed using a UVP
Imaging System (UVP Inc., CA). The gel images were
further processed using Adobe Photoshop 8.01 to maximize
image contrast. Each band was related to one single popula-
tion and translated to one operational taxonomic unit
(OTU), and the OTUs were used as a surrogate of predomi-
nant ‘biodiversity units’.
Data processing and statistical analysis
Detrended correspondence analysis (DCA) was used to
classify the 20 samples into groups according to species
composition determined by morphological analysis. To
investigate the relationships between species composition
and the measured chemical variables, canonical correspon-
dence analysis (CCA) was performed using the software
program CANOCO (version 4.15). CCA is an ordination
technique that was developed to relate community compo-
sitions to the environmental variables (ter Braak, 1986). The
ordination axes obtained (based on community composi-
tion data) are linear combinations of environmental
variables, assuming a unimodal species–environment rela-
tionship (ter Braak, 1986). The data were logarithmically
transformed before DCA and CCA to eliminate the influ-
ence of extreme values on ordination scores and to improve
the normal distribution approximation. Forward selection
and Monte Carlo permutations were used to select a
minimum set of environmental factors that had statistically
significant and independent effects on the distribution of
the planktonic organisms. Environmental factors with high
partial correlation coefficients (r4 0.8) and variance infla-
tion factors (VIF4 20) were eliminated from the final CCA.
Furthermore, the relationships between species composition
and the environmental factors were tested by the Mantel
test, which is appropriate in comparing two matrices that
are calculated for the same objects but that are based on two
independent data sets (Mantel, 1967). After calculating the
correlation coefficients between each of two compared
samples, the Mantel test was run using the XLSTAT-PRO 2006
software (Addinsoft, NY).
DGGE profiles were scanned with LABWORKS software
(UVP Inc.), and the banding patterns were carefully checked
manually. The presence or absence of comigrating bands,
which represent the OTUs, were converted to binary matrix.
The Dice similarity coefficient (SD), which represents simi-
larities between pairs of samples, was calculated using
the following equation: SD= 2nAB/(nA1nB), where nAB is
the number of bands common to both samples, nA is the
number of bands in sample A, and nB is the number of
bands in sample B. From here on and for convenience, we
used the term ‘OTU’ for each DGGE band. The unweighted
pair-group method using arithmetic averages (UPGMA)
clustering was used to investigate similarity among the five
stations within sampling occasions. The chemical variables,
which were significantly related to the morphological com-
position as determined by CCA, together with the densities
of the taxonomic groups (alga, protozoa, rotifers and
crustaceans), were applied to investigate the relationships
between genetic diversity and the classical factors by CCA
ordination within sampling occasions.
Table 1. Oligonucleotide sequences and annealing temperatures used for touchdown PCR
Primers Sequences (50–30) Annealing temperatures References
F357-GC GC clamp-CCTACGGGAGGCAGCAG 67 to 58 1C (10 cycles) Muyzer et al. (1993)
R518 ATTACCGCGGCTGCTGG Then 57 1C (20 cycles)
F1427-GC GC clamp-TCTGTGATGCCCTTAGATGTTCTGGG 69 to 60 1C (10 cycles) van Hannen et al. (1998)
R1616 GCGGTGTGTACAAAGGGCAGGG Then 59 1C (18 cycles)
Primer pairs F357-GC & R518 for 16S rRNA gene sequence analysis, and F1427-GC & R1616 for 18S rRNA gene sequence analysis.
With the temperature decreasing by 1 1C for each cycle.
GC clamp, 50-CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCC-3 0.
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Results
Chemical analysis and morphological
classification
Chemical characterizations of the 20 samples (five samples
in each season) are summarized in Table 2. Significant
differences between seasons (ANOVA, Po 0.05) were found
in the concentrations of NH4-N, TN, PO4-P, TP and SiO2.
The concentrations of all the heavy metals investigated,
except Pb, were also significantly different between sampling
occasions (ANOVA, Po 0.05). From the UPGMA clustering
of the chemical parameters (data not shown), samples
within a season were generally clustered into the same
group.
A total of 158 planktonic taxa were identified in the 20
samples. Among all the taxa, protozoa accounted for 47.5%,
alga and rotifers accounted for 22.8% and 25.3% respec-
tively, but crustaceans accounted for only 4.4%. More taxa
were generally identified in summer and autumn than in
spring and winter, and species richness at stations I and II
was generally higher than that at the other stations. Only
two taxa (one crustacean and one protozoan) were detected
at all the 20 samples, whereas most of the taxa (32.9%) were
restricted to single samples.
DCA ordination of the species composition revealed that
similarities of samples within an occasion were not higher
than that between occasions (Fig. 2). All the samples except
those collected in the summer at station V could be divided
into four groups according the sampling occasions. The
densities of the main groups of planktonic organisms (i.e.
algae, protozoa, rotifers, crustaceans) indicated that proto-
zoa and rotifers were significantly different between seasons
(ANOVA, Po 0.05, Table 2). For each sampling occasion,
stations I and II were always the initial group in UPGMA
clustering (Fig. 3).
Four of the 13 chemical variables (i.e. TN, TP, NH4-N,
As) were found to be significantly related (Po 0.05) to
species composition of the plankton community. CCA
ordination of the species in relation to these variables
showed that the 20 samples were separated into four groups
according to sampling occasion (Fig. 4). A total of 64.7% of
the cumulative variance of the species–environment relation
Table 2. Chemical and biological parameters within each season
Parameter
Spring Summer Autumn Winter
PMean SD Mean SD Mean SD Mean SD
COD (mg L1) 10.09 6.10 8.60 0.54 6.87 0.48 7.05 0.61 NS
NH4-N (mg L
1) 0.62 0.07 0.16 0.02 0.04 0.03 0.16 0.04 0.00
TN (mg L1) 0.89 0.39 2.97 0.41 0.71 0.36 1.02 0.38 0.00
PO4-P (mg L
1) 0.03 0.01 0.06 0.03 0.02 0.01 0.01 0.01 0.01
TP (mg L1) 0.04 0.01 0.09 0.05 0.12 0.04 0.07 0.02 0.05
SiO2 (mg L
1) 1.94 0.78 4.38 0.83 8.41 2.80 4.89 0.78 0.00
NO2-N (mg L
1) 14.90 10.49 12.44 5.93 24.01 36.59 11.83 10.92 n.s.
Cr (mg L1) 1.87 0.81 0.62 0.30 0.43 0.20 0.13 0.06 0.00
Cd (mg L1) 0.48 0.10 0.07 0.02 0.11 0.09 0.14 0.07 0.00
Pb (mg L1) 10.27 11.15 4.33 1.49 2.67 1.16 2.16 1.41 NS
As (mg L1) 1.16 0.35 1.81 0.56 1.65 0.66 2.79 0.17 0.00
Cu (mg L1) 5.44 1.26 2.08 0.97 1.46 0.59 4.32 1.65 0.00
Hg (mg L1) 2.46 0.51 0.86 0.13 1.15 0.34 0.87 0.31 0.00
Alga (103 individuals mL1) 1.83 1.94 0.72 0.56 9.13 14.11 5.22 4.58 NS
Protozoa (103 individuals mL1) 0.69 0.46 0.62 0.22 1.09 0.20 0.31 0.19 0.01
Rotifers (102 individuals mL1) 0.31 0.24 0.27 0.12 1.63 0.64 0.31 0.14 0.00
Crustaceans (102 individuals mL1) 9.4 14.0 2.5 2.3 0.9 1.1 0.9 1.2 NS
P, level of significance (ANOVA, Po 0.05) between seasons; NS, not significant.
Fig. 2. DCA ordination of the morphological species composition.
Samples were collected in spring (n), summer (m), autumn (&) and
winter (’). Numerals 1, 6, 11 and 16 indicate station I; 2, 7, 12 and 17
indicate station II; 3, 8, 13 and 18 indicate station III; 4, 9, 14 and 19
indicate station IV; and 5, 10, 15 and 20 indicate station V.
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was explained by the first two axes. Moreover, there were
strong relationships between the species and these four
chemical variables (species–environment correlations of the
first two axes were 0.980 and 0.969, respectively).
Community composition as depicted by DGGE
Figure 5 shows the image of a typical DGGE profile.
The number of 16S rRNA gene bands is clearly greater than
the number of 18S rRNA gene bands, which indicated
that the bacterial taxa detected in the samples represented
more than the eukaryotic taxon. Identified OTUs in the
winter samples were lowest (50), considerably less than the
average of 73.3. Additionally, approximate OTUs were
detected in the five winter samples, whereas the OTUs were
significantly different among stations for the other three
sampling occasions. The OTUs common to all five stations
(e.g. arrow in Fig. 5a) within the autumn and winter
sampling occasions were approximate to the OTUs unique
to single stations (e.g. arrow in Fig. 5b), whereas the samples
derived from spring and summer samples detected consid-
erably fewer common OTUs than unique OTUs. Moreover,
both common and unique OTUs detected in autumn and
winter samples comprised more than one-quarter of the
total OTUs for those sampling occasions.
UPGMA clustering of the genetic similarities within
sampling occasions indicated that the group relationships
of the samples derived from spring was similar to that for
summer: stations I and II initially grouped together and are
later joined by station III; the other two stations are grouped
into another cluster (Fig. 6a and b). The group relationships
of the samples derived from autumn was similar to that
from winter: stations I–IV were grouped together and
station V comprised a single cluster (Fig. 6c and d).
However, the most similar stations (I and II) were always
initially grouped into one cluster. Although clustering of the
stations based on the species data were not identical to that
based on the DGGE fingerprints, the group divisions of the
five stations within spring and autumn were generally
similar, and all the dendrograms showed that stations I and
II were the most similar (Figs 3 and 6).
Genetic diversity of the plankton community in
relation to biotic and abiotic factors
In the CCA analyses, 63.5–79.7% of the cumulative variance
of the species-environment relationship within one season
was explained by the first two CCAs (Table 3). CCA
ordination results showed that the factors that correlated
strongly with the genetic diversity of the plankton commu-
nity differed among seasons. Strengths of the correlations
Fig. 3. Comparison of UPGMA trees on the basis of species composition
within sampling occasions. The ordinate shows Dice similarities within
sampling occasions.
Fig. 4. CCA ordination of the species–environment relationships. Sam-
ples were collected in spring (n), summer (m), autumn (&) and winter
(’). Numerals 1, 6, 11 and 16 indicate station I; 2, 7, 12 and 17 indicate
station II; 3, 8, 13 and 18 indicate station III; 4, 9, 14 and 19 indicate
station IV; and 5, 10, 15 and 20 indicate station V.
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between OTUs and environmental factors explained by the
first two axes are summarized in Table 3. The three strongest
factors correlated with the axes (shown in bold type)
generally differed among seasons. Densities of rotifers and
crustaceans were strongly correlated with one or both of the
axes within each season. The concentrations of TN and TP
were strongly correlated with one of the two axes in all
sampling occasions except summer. Additionally, genetic
diversity of the plankton community at stations I and II was
generally affected by the same factors. The density of alga
and concentration of TP were generally the factors corre-
lated most strongly with plankton at these two stations;
protozoa in spring and autumn and As in spring also played
an important role (Fig. 7).
Discussion
Owing to several favourable features (such as small size,
short generation time, high sensitivity and comprehensive
responses to environmental conditions), planktonic organ-
isms remain ideal subjects for monitoring the conditions of
aquatic environments. Lake Donghu, which is separated
into several basins by artificial dikes and with nutrient
gradients in the main lake areas, is an ideal system to
investigate the spatiotemporal dynamics of a plankton
community. Chemical analysis revealed that temporal varia-
tions in Lake Donghu were considerably higher than spatial
variations: most of the measured variables were significantly
different between seasons (Table 2). By contrast, species
composition determined by morphological identification
also suggested that the seasonal dynamics of the plankton
community were conspicuous (Figs 2 and 4). The DGGE
patterns showed high variation in band numbers, position
and band intensity (e.g. Fig. 5), and plankton communities
derived from the five investigated stations in the same
season were generally grouped into two or three clusters
(Fig. 6). These results indicate that heterogeneity of the
plankton community, with respect to genetic diversity, is
considerably higher within this shallow eutrophic lake. By
contrast, another study conducted in an artificial lake
showed that the plankton communities at different sites
were similar with only slight differences (Q. Yan and Y. Yu,
unpublished data).
Nutrient conditions at the five stations investigated were
generally considered to range from mesotrophic to hyper-
trophic (Liu, 1995; Lei et al., 2005), and therefore repre-
sented a good gradient of trophic status. Based on the results
of the chemical and morphological analysis, three nutrient
Fig. 5. DGGE patterns of the 16S rRNA (a) and
18S rRNA (b) genes amplified from samples
collected in October 2006. Each band was
considered as an OTU; the arrow on the left
indicates the band common to all five stations
within a season and the arrow on the right
indicates the band unique to single stations.
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elements (TN, TP, NH4-N) together with one heavy metal
(As) were found to be statistically significantly related to the
species composition of the plankton community (Fig. 4).
The Mantel test on the two similarity matrices also indicated
that the species composition was correlated with these four
variables (r= 0.49, Po 0.001). Although considerable sea-
sonal dynamics of the plankton community were observed
(Fig. 2), the contributions of these variables varied by season
(Fig. 4). This variation suggests that the plankton commu-
nity, in the light of morphological composition, was not
always affected by the same variables, but with seasonal
differences depending on differences in illumination time,
temperature, etc.
Recently, metagenomic techniques have enabled direct
analysis of environmental communities (Handelsman,
2004). We were therefore interested in whether the genetic
diversity of plankton communities could be used to monitor
the environmental conditions of aquatic habitats. The
samples derived from spring and autumn displayed similar
dendrograms based on species composition and OTU
composition (as represented by DGGE banding patterns;
Figs 3a, c and 6a, c). However, there are discrepancies
between these two kinds of dendrograms (Figs 3b, d and
6b, d), which indicated that DGGE fingerprints were not
always identical to the morphological composition in char-
acterizing natural communities. However, the most similar
stations (I and II) were always initially grouped into one
cluster (Figs 3 and 6), and this result agreed with our
previous study (Yan et al., 2007). Lack of any clear structure
among the other three stations (III–V) may be attributed to
the relatively lower similarities than that between stations I
and II.
Methodological differences are also an important factor
in explaining these discrepancies. Species composition de-
termined by qualitative analysis based on morphological
characters may be affected by stochastic elements such as
rare species, and therefore the presence or absence of some
species (especially those restricted to single samples) in the
samples may not necessarily be related to environmental
differences. In contrast, the OTUs represented by DGGE
bands are generally considered to be a surrogate for the
relative abundance of dominant populations (e.g.
Fig. 6. Comparison of the UPGMA trees on the basis of DGGE finger-
prints within sampling occasions. The ordinate shows Dice similarities
within sampling occasions.
Table 3. Weighted correlation matrix showing the relationships between OTU axes and environmental variables
Spring Summer Autumn Winter
Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2
NH4-N (mg L
1) 0.52  0.01 0.30  0.90  0.60 0.35 0.74 0.01
TN (mg L1) 0.81  0.33 0.05 0.47  0.53 0.84 0.64 0.12
TP (mg L1) 0.54 0.48  0.61  0.17  0.92 0.30  0.31 0.75
As (mg L1) 0.44  0.55  0.13  0.93  0.65 0.59 0.20 0.42
Alga (ind mL1) 0.66  0.37  0.37  0.09  0.31 0.95  0.33 0.69
Protozoa (ind mL1) 0.87 0.05 0.70 0.40  0.81 0.19 0.55 0.36
Rotifers (ind mL1) 0.76 0.58 0.70  0.11  0.08 0.95 0.61 0.78
Crustaceans (ind mL1) 0.85  0.18 0.67 0.73 0.82 0.06  0.59 0.79
Eigen values 0.52 0.36 0.37 0.25 0.29 0.26 0.24 0.19
Cumulative percentage
variance of OUT – environment
relation
41.6 70.2 41.7 79.7 37.6 71.7 35.6 63.5
Bold type indicates the three strongest factors correlated with the first two CCA ordination axes.
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abundance above 0.3–0.4% of the total targeted cells;
Casamayor et al., 2000, 2002). This could mask the effects
of rare species. Additionally, most of bacterioplankton may
be difficult to identify based on microscopy. After compar-
ison of morphological and 18S rRNA gene sequence analy-
sis, Savin et al. (2004) suggested that molecular methods
may be more adept at capturing the diversity of bacterial and
picoplankton. When considering planktonic photoauto-
trophic organisms, morphological analysis and genetic fin-
gerprinting of rDNA (16S and 18S rRNA genes) showed
good agreement (Estrada et al., 2004). These results together
with our previous study (Yan et al., 2007) and those herein
suggest that DGGE fingerprinting analysis of the plankton
community (including both bacterial and eukaryotic organ-
isms) could effectively measure the spatiotemporal hetero-
geneity of the environmental habitats. We must note,
however, that DGGE has some technical limitations (see
Muyzer, 1999) and its fingerprinting patterns may not
perfectly reflect the communities.
As discussed above, PCR-DGGE is an acceptable method
for examining community composition and it is effective in
reflecting spatiotemporal variations. Moreover, bacterio-
plankton composition as depicted by DGGE was found to
be significantly related to the biomasses of microzooplank-
ton, chrysophytes and cryptophytes (Lindstro¨m, 2000).
Another study reported that bacterioplankton were signifi-
cantly related to temperature, biomasses of diatoms and
cryptophytes (Lindstro¨m, 2001). In the present study, CCA
analysis of the planktonic OTU composition in relation to
classical factors (both chemical and biological factors) was
conducted within a season to provide additional informa-
tion on their relationships.
The present results clearly showed that the factors
strongly correlated with the first two axes differ among
seasons. Concentrations of TN and TP together with two
biological parameters (densities of rotifers and crustaceans)
showed comparatively stronger contributions to the OTU
composition. Additionally, the concentration of TP was the
major chemical factor in determining plankton commu-
nities derived from stations I and II in all seasons except
spring (Fig. 7). Also, the concentration of TP at these two
stations was comparatively higher than at the other three
stations except in spring. These data suggest that TP should
be considered as a candidate determinative factor in study-
ing the plankton community in a eutrophic environment.
By contrast, the density of alga at stations I and II was much
higher than at other stations except in autumn. Protozoa
substituting for alga appears to be the strongest biological
factor associated with plankton communities at stations I
and II in autumn (Fig. 7). This indicates that planktonic
biota (alga and protozoa) play a relatively important role in
determining the DGGE banding patterns of the plankton
communities in these eutrophic stations.
The spatiotemporal heterogeneity of a plankton commu-
nity, with respect to genetic diversity, is a good indicator of
environmental conditions in aquatic habitats. Therefore,
metagenomics appears to be a promising direction for
ecological study of the structural and functional role of
Fig. 7. Results from CCA ordination of the com-
munity composition, as revealed by PCR-DGGE
fingerprinting. Community composition related
to environmental factors within sampling occa-
sions: spring (a), summer (c), autumn (d) and
winter (b).
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plankton communities. In order to understand the precise
impacts of the targeted environmental factors better and to
elucidate how the major factors affect the genetic diversity of
the plankton community, future studies should attempt to
analyse the functional genes and the sequences of particular
populations or taxonomic groups and investigate their
responses to natural and artificial environmental distur-
bances.
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